Abstract. Within the collective quantization scheme for chiral solitons we discuss states in higher dimensional representations of flavor SU (3) and their relation to radially excited states in the octet. We also consider states which do not have counterparts of the same quantum numbers in the octet or decuplet and cannot be built from three quarks. We focus on the Z + penta-quark, presumably the lightest such state, by estimating its mass and decay width.
INTRODUCTION
In the collective quantization of chiral solitons higher dimensional representations of flavor SU(3) play a major role 3 . Upon flavor symmetry breaking, members of these representations admix to the ordinary octet and decuplet states of the same quantum numbers to form the low-lying + baryons. Notably these higher dimensional representations also contain states with quantum numbers that are not found in the octet (decuplet) representation. In a quark model picture these baryons cannot be formed as simple three quark states, rather they consist of at least four quarks and an anti-quark. The 10 representation contains the presumably lightest such state, the Z + , with the quantum numbers Y = 2, I = 0, J = 1/2. Details of the presented study are found in ref [2] . For earlier studies on the Z + see ref [3] . An experimental search for the Z + was proposed in ref [4] . 
COLLECTIVE QUANTIZATION
We consider a chiral Lagrangian in flavor SU (3) . The basic variable is the chiral field U = exp(iλ a φ a /2) representing the pseudoscalar fields φ a (a = 0, . . . , 8). Other fields may be included as well. For example, the specific model used later also contains a scalar meson. In general this chiral Lagrangian can be written as
with flavor symmetric (S) and flavor symmetry breaking (SB) pieces. Denoting the (classical) soliton solution of (1) by U 0 ( r) states with baryon quantum numbers are constructed by quantizing the flavor rotations
canonically. According to (1) the Hamiltonian for the collective coordinates A(t) can be written as H = H S + H SB . For unit baryon number the eigenstates of H S are the members of SU (3) representations with the condition that the representation contains a state with identical spin and isospin quantum numbers (such as e.g. the nucleon or the ∆). The symmetry breaking piece, H SB mixes states from different SU(3) representations. For example, the state identified with the nucleon becomes
where the coefficients are computed as matrix elements of H SB . Another interesting question, of course, is what role do states play which diagonalize H and have dominant contributions from the higher dimensional representations such as
A naïve analysis predicts the N ′ to be 400 − 500MeV heavier than the nucleon which suggests to identify this state with the Roper (1440) resonance. However, such an interpretation contradicts the common folklore viewing the Roper as a radial excitation of the nucleon. In order to resolve this puzzle and also to provide a sensible interpretation to the state |Z + , the radial degrees of freedom need to be quantized as well. For this end we introduce the corresponding collective coordinate ξ(t) via [5, 6] 
Changing variables to x(t) = [ξ(t)] −3/2 the flavor symmetric piece of the collective Hamiltonian can be diagonalized for a given SU(3) representation of dimension µ
where J and C 2 (µ) are the spin and (quadratic) Casimir eigenvalues associated with the representation µ. Note that m = m(x), α = α(x), . . . , s = s(x) are all functions of the scaling variable. We use (7) to build towers of radially excited states |µ, n µ with n µ = 0, 1, . . . denoting the number of nodes in the respective wave-functions. These states serve to diagonalize the Hamiltonian including symmetry breaking
yielding the baryonic states |B, m = µ,nµ C (B,m) µ,nµ |µ, n µ . The resulting spectrum [6] is depicted in figure 1 and compared to the known resonances [7] . We recognize a good agreement although the Roper is predicted about 90MeV too low. It also worth to note that this state turns out to dominantly be a radial excitation of the nucleon state in the octet representation, i.e. |8, 1 [2] .
The mass differences of the predicted baryons in the scaling mode treatment of the three flavor Skyrme model with a scalar field included (full lines) [6] ; empirical data [7] are denoted by dotted lines. The model predictions for the ground states of the Λ and Ξ channels and the experimentally observed counterparts are (almost) indistinguishable.
For the baryon state we are interested in most, we find
This state has a sizable admixture of the counterpart in the 35 representation.
ESTIMATE OF DECAY WIDTHS
In order to further specify the Z + we demand the width for the decay Z + → KN. This is one of the strong decays of excited baryons which are described by
Here p φ is the momentum of the outgoing meson in the rest frame of B ′ . The coupling constants G B ′ →Bφ are not easily accessible in chiral soliton models. Fortunately, it seems sufficient to estimate them from the appropriate flavor operator (For example, a = 3 when B and B ′ have identical isospin projections, I 3 .),
and allow for different forms for the scaling operators parameterized by the power n. The constant C ∆ is fixed such that the experimental width Γ ∆→πN = 120MeV is properly reproduced. From table 1 we observe that only the width of the decay R → Nπ has a significant dependence on the shape of the scaling function in (10). The width for R → ∆π is underestimated because the respective phase space is 
CONCLUSION
We have investigated the role of higher dimensional flavor SU(3) representations for the description of excited baryon states. In particular the interplay between the states in these representations and the radial excitations of the octet (and decuplet) baryons has been discussed. A reasonable description of the spectrum and the decay widths has been achieved. The lightest of the exotic states in such a higher dimensional representation, the Z + , was predicted to have a mass of about 1.57GeV and a width of about 120MeV for its decay into a nucleon and a kaon.
